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ABSTRACT: The aim of the present study was to quantify differences in RNA:DNA ratios between
male and female fish Pomatoschistus microps, crustaceans Crangon crangon, and bivalves Ruditapes
decussatus. RNA:DNA ratios were greater in females than in males, especially because of a greater
RNA content per unit dry weight in females. Sexual dimorphism in addition to physiological and
behavioural differences between males and females may account for these results. RNA:DNA ratios
of adult marine organisms should be interpreted with caution, because the effect of sex on nucleic
acid concentrations may bias results if the sex ratio in the sample from which results were derived is
not representative of the population.
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INTRODUCTION

between males and females, e.g. Regnault & Luquet
(1974), Wright & Hetzel (1985), Paon & Kenchington
(1995), Chícharo et al. (2003), and Norkko et al. (2005).
Nevertheless, the effect of sex on RNA:DNA ratios has
not yet been investigated. Our aim was to quantify differences in white muscle RNA:DNA ratio, RNA mg–1
dry wt, and DNA mg–1 dry wt between male and
female fish Pomatoschistus microps, crustaceans Crangon crangon, and bivalves Ruditapes decussatus. We
selected species with different habitats, feeding habits,
and stress conditions, and individuals at different maturation stages in order to negate the confounding
effect of physiological, morphometric, and behavioural
changes on differences in nucleic acid indices between
males and females.

Condition indices are generally interpreted as indicators of tissue energy reserves, which characterize
components of the environment in which organisms
live (e.g. food and habitat availability, competition,
predation, physical factors, and pollution) (Lloret &
Planes 2003). Since the first reports of the usefulness of
RNA:DNA ratios for assessing growth rates and condition of fish (Bulow 1970), and subsequently of different
marine organisms, e.g. bivalves (Wright & Hetzel 1985)
cephalopods (Clarke et al. 1989) and crustaceans (Rosa
& Nunes 2003), factors that may confound the results of
such assays (e.g. size, life cycle stage [Bulow 1970],
and diel variation [Chícharo et al. 1998]) have been
identified. Bulow (1970) also indicated that temperature and maturation might have significant effects on
levels of nucleic acids. To avoid the confounding effect
of maturation, he recommended that only white muscle should be used in these analyses.
Several studies of the growth rates and conditions of
aquatic organisms assumed no differences in nucleic
acid content of muscle tissue or whole organisms

Sample collection. The common goby Pomatoschistus microps and shrimp Crangon crangon were collected using a conical otter trawl net between January
and April 2003 from the Guadiana Estuary near the
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Table 1. Pomatoschistus microps, Crangon crangon, and Ruditapes decussatus. Total length (mm), total dry weight (g) (for bivalves: muscle weight only), nucleic acid indices
(mean ± SD) and p-values of differences between males and females
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Castro Marim salt marshes. Sampling for the goby was
conducted during the reproductive season, which is
longer in Portugal than in northwest European waters
and extends from December to April (Leitão et al.
2006), and for the shrimp during the post-spawning
and resting period (M. A. Chícharo pers. obs.). Samples of the clam Ruditapes decussatus were bought at
the local market during July 2003, the end of the
spawning period of this species (Vilela 1947). Fish and
shrimp were placed in liquid nitrogen immediately
after collection, and sex identification was conducted
at a later stage. Bivalves were kept alive until the sexes
had been identified (1 to 2 h) and were then stored in
liquid nitrogen.
Laboratory analysis. Before specimens were freezedried, total lengths of fresh bivalves, thawed fish and
shrimp were measured, and sex identification was conducted using a dissecting microscope. Nucleic acids
were determined from a portion of white muscle, but
total dry weight was determined for each individual.
RNA and DNA content was analyzed according to
fluorometric methods described by Esteves et al. (2000)
and Chícharo et al. (2001).
Data analysis. Within-species effects of sex on indices derived from nucleic acid concentrations, on total
dry weight and on total length of individuals were
determined by 1-way ANOVA. Analysis of covariance
(ANCOVA) was also performed with dry weight as a
covariate. Because numbers of female and male Crangon crangon differed greatly, we had to reduce female
number in ANCOVA. Female C. crangon size range
was similar to that of males. To investigate the interaction between sampling dates and sex, we also ran a 2way ANOVA for C. crangon. All data analysis was conducted using STATISTICA 5 software.

RESULTS
Mean RNA:DNA ratios of male and female Pomatoschistus microps and Ruditapes decussatus differed
significantly (Table 1). Mean RNA:DNA ratios of male
and female Crangon crangon differed significantly
when dry weight (which differed significantly between
sexes) was included as a covariate in ANCOVA
(Table 2). Correlations between RNA:DNA ratios and
length were only significant for C. crangon (r = 0.338,
p = 0.028).
RNA content also differed significantly between
males and females. RNA concentrations (µg mg–1 dry
wt) were greater in females than in males. DNA concentrations (µg mg–1 dry wt) were greater in males
than in females except for Crangon crangon, in which
DNA concentrations were greater in females than in
males. When size effects were negated, the difference
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Table 2. ANCOVA results. (a) Pomatoschistus microps,
(b) Crangon crangon, and (c) Ruditapes decussatus. Sex was
the main effect and dry weight was a covariate
(a)
RNA:DNA
DNA mg–1
RNA mg–1

MS effect MS error
9.408
10.064
263391

F (1, 2): 1,123

p

5.833
2.821
6.444

0.017
0.096
0.013

F (1, 2): 1, 86

p

8.426
15.954
50.58

0.0050
0.0001
0.0001

F (1, 2): 1, 35

p

7.687
11.323
15.486

0.008
0.001
0.022

1.613
3.568
40.872

(b)

MS effect MS error

RNA:DNA
DNA mg–1
RNA mg–1

219.33
49.34
14348.21

(c)

MS effect MS error

RNA:DNA
DNA mg–1
RNA mg–1

0.198
1414.471
370.111

26.031
3.093
283.674

0.026
124.920
23.905

our study, DNA concentrations of bivalves were also
greater than those of the other species. Because DNA
concentrations differed among species, discussion of
results is restricted to within-species. Our results may
have derived from sexual dimorphism, physiological or
biochemical differences between sexes, or behavioural
differences between sexes.
Sexual dimorphism is usually expressed as differences in the sizes of males and females. Sexual dimorphism was observed in fish and shrimp but not in
bivalves, even though there were significant differences between sexes with regard to indices derived
from bivalve nucleic acid concentrations. Differences
30
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Table 3. Crangon crangon. Two-way ANOVA results from
nucleic acid-derived indices (RNA:DNA, RNA mg–1, DNA
mg–1) in which sex and sampling month were main effects
and dry weight was a covariate
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in DNA concentration between sexes of C. crangon
was not significant, in contrast to that observed for
Pomatoschistus microps (Table 2).
As the results in Table 3 demonstrate, the effect of
sampling month (only available for Crangon crangon)
was not significantly important when compared with
the effect of sex.
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DISCUSSION

12

Mean RNA:DNA ratios of females tended to be
greater than those of males in all 3 species studied,
largely owing to greater RNA concentrations. Analysis
of pooled data did not reveal any feature common to all
3 species. This result was expected, because nuclear
DNA content varies considerably among organisms of
similar structural complexity and because repetitive
DNA sequences mean that the size of the genome is
not related to structural complexity in organisms of
higher evolutionary status (Levin 1994). For example,
the minimum nuclear DNA content of crustaceans is
0.35 pg and that of fish is 0.39 pg, but the minimum
content of bivalves is 1.36 pg (Fonseca et al. 2000). In
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Fig. 1. RNA:DNA ratio histogram of male vs. female (a) Pomatoschistus microps, (b) Crangon crangon, and (c) Ruditapes
decussatus
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between males and females were detected even when
female size was significantly less than that of males,
e.g. as in Pomatoschistus species. Differences in DNA
content between males and females were small and no
common trend was detected among the studied species. In contrast, RNA content of females was greater
than that of males in all 3 species. The DNA content of
an organism may change during growth, depending
on whether increased weight or size is caused by
hyperplasia or hypertrophy. Variation within a species
is usually low, because identical genomes contain
identical quantities of nuclear DNA. Nevertheless, the
total amount of DNA in a defined amount of dry tissue
will depend on cell size, which changes with age, stage
of the reproductive cycle, and nutritional status (Regnault & Luquet 1974). RNA concentrations depend on
factors that affect cell size, and are usually more variable than DNA concentrations because RNA is required for protein synthesis, which responds quickly to
changes in environmental conditions (Bulow 1970).
According to Justo et al. (2005), mitochondria and protein content are also greater in female rats than in
males.
Our results may have derived from physiological or
biochemical factors. Maturation and reproduction,
which differ between males and females, often require
different amounts of energy, as discussed by Paon &
Kenchington (1995) and Pérez Camacho et al. (2003).
According to these authors, reproductive costs are
much greater for females than for males, which implies
that protein synthesis and therefore RNA content is
greater in females than in males. The clam Ruditapes
decussatus (Pérez Camacho et al. 2003) exhibits clear
sexual differentiation in biochemical composition.
Nutritional stress results in a moderate degree of
organic weight loss in clams, but protein and lipid levels remain constant in females. The results of these
previous studies highlight the importance of protein
synthesis for females, especially during spawning
activity, which could explain the higher RNA content
and RNA:DNA ratios of female bivalves observed in
our study. However, this is not only restricted to
spawning period: Crangon crangon was analysed after
spawning and in the resting period, and greater RNA
content and RNA:DNA ratios were still evident in
females.
Behaviour could also lead to differences in RNA/
DNA ratios between sexes. The higher RNA:DNA
ratios of female Pomatoschistus microps could be a
consequence of differences in the activity patterns of
sexes, because parental care is supported by males
(Salgado et al. 2004). According to Salgado et al.
(2004), males are probably limited to foraging for food
available around the nest during the breeding season,
whereas females behave as food maximizers, feeding

on a greater number of taxa and ingesting most prey
types in higher numbers. However, this argument cannot be extended to account for the higher condition of
females than males in the other species studied,
because these species do not exhibit male parental
care. Female parental care occurs in Crangon crangon,
but this does not limit the ability of females to search
for food because their eggs are carried in pleopods.
Ruditapes decussatus exhibited the lowest RNA:DNA
ratios, indicating very poor condition (<1, see Chicharo
et al. 2001), but the general pattern of low values
for males and high values for females in terms of
RNA concentrations and RNA:DNA ratios was still
observed.
In conclusion, caution is needed when interpreting
RNA:DNA ratio data from adult organisms, because
sex differences in nucleic acid concentrations bias
RNA indices if the frequencies of sexes in samples are
not representative of those in the population. Samples
in which males are over-represented result in an
underestimate of the condition of the population, and
those in which females are over-represented result in
an overestimate.
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